Introduction {#sec1-1}
============

Depression constitutes the second most common chronic condition in clinical practice\[[@ref1]\] and will become the second leading cause of premature death or disability worldwide by the year 2020.\[[@ref2]\] Reduced monoamine signaling and monoamine metabolite levels have been found in cerebrospinal fluid of depressed individuals; likewise serotonin, norepinephrine or dopamine depletion exerts pro-depressive effects.\[[@ref3][@ref4]\] In case of depression, the level of monoamine oxidase enzyme in brain is increased, which in turn reduces levels of monoamines.\[[@ref5][@ref6]\]

Flowers of *H. rosa-sinensis* Linn (Malvaceae) are reported to possess cardio- protective,\[[@ref7]\] hypotensive,\[[@ref8]\] antidiabetic,\[[@ref9]\] anticonvulsant\[[@ref10]\] and antioxidant activity.\[[@ref11]\] These flowers are known to contain flavonoids like anthocyanin and quercetin.\[[@ref12]\] Flavonoids have been implicated in antidepressant activity\[[@ref13][@ref14]\] and anxiolytic activity.\[[@ref15][@ref16]\] Therefore, the present research was aimed to evaluate the effect of methanol extract containing anthocyanins (MHR) and anthocyanidins (AHR) in tail suspension test (TST) and forced swim test FST.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Animals {#sec3-1}

Adult male Swiss Albino mice (22 ± 2 g) were used for this study. Mice were procured from Bharat Serum and Vaccine Ltd, Thane. The animals were housed at 24 ± 2°C and relative humidity 55 ± 5 with 12:12 h light and dark cycle. They had free access to food and water *ad libitum*. The animals were acclimatized for a period of seven days before the study. The experimental protocol was approved by the Institutional Animals Ethics Committee (IAEC) of MGV\'s Pharmacy College, Nasik.

### Drugs and chemicals {#sec3-2}

Prazosin (Sigma-Aldrich, USA), p-CPA (Sigma-Aldrich, USA), Imipramine (Diamin, Reliance Formulation Pvt. Ltd., India), Haloperidol (Serenec, Searl, India) were used for this study.

### Plant material and extraction {#sec3-3}

Flowers of *H. rosa-sinensis* were collected from Aushadhi Bhavan, Ayurved Seva Sangh, Nasik and authenticated by Dr. P. G. Diwakar, Joint director, Botanical Survey of India, Pune. A voucher specimen has been retained there (PASHIR-1). The methanolic extract (MHR) was obtained by maceration of fresh sepal-less flowers of *H. rosa-sinensis* for 72 h, followed by filtration and concentrated to remove methanol. The anthocyanidins (AHR) were extracted by a slight modification of method described earlier by Harborne.\[[@ref17]\] Fresh sepal-less flowers (200 g) of *H. rosa-sinensis* were macerated in 2 L methanol: 2M HCl (85:15 v/v) solution for 72 h.\[[@ref18]\] The extract was then concentrated to 500 ml and filtered. To the filtrate, 100 ml concentrated HCl was added. Mixture was heated in round bottom flask under reflux for 2 h. The mixture was then refrigerated until crystals of anthocyanidins (AHR) were separated out. The crystals were then filtered, air dried and stored in amber colored bottle.

### Phytochemical analysis {#sec3-4}

Phytochemical analysis of MHR and AHR was carried out according to methods described earlier.\[[@ref19]\]

### Identification of anthocyanin and anthocyanidins in H. rosa sinensis {#sec3-5}

**UV-visible spectra-** AHR revealed peak at 286.50 nm and 537 nm while MHR revealed peak at 287.50 nm and 576 nm when spectra was run using Shimadzu-2450.

**FTIR-** AHR depicted presence of functional groups like phenolic --OH (1205.55 cm^-1^), aromatic C-C stretching (1510.10 cm^-1^), OH-bend and C=O stretching (1332.086 to 1446.66 cm^-1^), 6-member ring with carbonyl group (1612.54 cm^-\ 1^).

MHR exhibited presence of aromatic C-C stretching (1618.33 cm^-1^), OH-bend and C=O stretching (1278.85 cm^-1^) with Shimadzu-FTIR 8400S.

### Antidepressant-like activity {#sec3-6}

On the day of experiment, the animals (*n* = 6) were divided into control and experimental groups. Control group received 0.1% CMC (carboxy-methyl cellulose), p.o., 1 h before experiment. Imipramine (10 mg/kg, i.p) was administered to animals 30 min before experiment. AHR (30 and 100 mg/kg) was suspended in 0.1% CMC and MHR (30 and 100 mg/kg) was dissolved in water and administered orally to animals 1 h before the test. The antidepressant-like activity was evaluated using tail suspension test (TST) and forced swim test (FST).

### Tail suspension test {#sec3-7}

Mice were suspended on the edge of a table 58 cm above the floor by the adhesive tape placed approximately 2-3 cm from the tip of the tail. Immobility time was recorded during 5 min period. Animal was considered to be immobile when it does not show any movement of body and remain hanging passively.\[[@ref20]\]

### Despair swim test {#sec3-8}

Mice were forced to swim individually in a glass jar (25 × 12 × 25 cm^3^) containing fresh water of 15 cm height and maintained at 25° C. After an initial period of vigorous activity, each animal assume a typical immobile posture. A mouse was considered to be immobile when it remains floating in the water without struggling, making only minimum movements of its limbs necessary to keep its head above water. The total duration of immobility was recorded during the 5 min test. The change in immobility duration was studied after administering drugs in separate groups of animals.\[[@ref21]\]

### Involvement of neurotransmitters {#sec3-9}

Probable involvement of dopamine, adrenaline and serotonin in antidepressant-like activity of MHR and AHR was evaluated using animals pre-treated with Haloperidol (50*μ*g/ kg, i.p.), Prazosin (62.5 *μ*g/kg, i.p) and p-CPA (100 mg/kg, i.p.).\[[@ref22]\] The study was performed according to Irwin schedule\[[@ref23]\] and doses were selected from pilot studies performed in our lab. Haloperidol, Prazosin, p-CPA were administered intraperitoneally in a fixed volume of 1 ml/100 g body weight. Haloperidol and Prazosin were administered 30 min before treatment with MHR and AHR. p-CPA was administered for three consecutive days before treatment with MHR and AHR. On third day, animals received MHR and AHR 30 min after treatment with p-CPA. Duration of immobility was measured 30 min after treatment with MHR (30 and 100 mg/kg, p.o.) and AHR (30 and 100 mg/kg, p.o.).

### Statistical analysis {#sec3-10}

All data were expressed as mean ± SEM. Statistical analysis was carried out by one-way ANOVA followed by Dunnett\'s test. The values were significant at *P* \< 0.05 when compared with control group.

Results {#sec1-3}
=======

From phytochemical analysis, MHR and AHR revealed presence of flavonoids, saponins, cardiac glycosides and phenols. Spectroscopic data confirmed presence of anthocyanins and anthocyanidins like quercetin.

In TST and FST, MHR and AHR (30 and 100 mg/kg, p.o.) decreased the immobility periods significantly (*P* \< 0.05) compared to vehicle treated group \[[Table 1](#T1){ref-type="table"}\].

###### 

Effect of *H.rosa-sinensis* extract on duration of immobility

![](IJPharm-44-454-g001)

Haloperidol (50 mcg/kg, i.p.) alone significantly (*P* \< 0.05) increased the immobility period when compared to the vehicle treated group. Treatment of animals with MHR and AHR (30 and 100 mg/kg, p.o.) significantly reversed the increased immobility time observed after treatment with Haloperidol \[[Table 2](#T2){ref-type="table"}\].

###### 

Effect of low dose Haloperidol pre-treatment on antidepressant activity of *H. rosa-sinensis*

![](IJPharm-44-454-g002)

Prazosin (62.5 mcg/kg, i.p.) alone significantly (*P* \< 0.05) increased the immobility period when compared to the vehicle treated group. Treatment of animals with MHR and AHR (30 and 100 mg/kg, p.o.) significantly reversed the increased immobility time observed after treatment with Prazosin in TST and FST \[[Table 3](#T3){ref-type="table"}\].

###### 

Effect of low dose Prazosin pre-treatment on anti-depressant activity of *H. rosa-sinensis*

![](IJPharm-44-454-g003)

p-CPA (100 mg/kg, i.p.) alone significantly (*P* \< 0.05) increased the immobility period when compared to the vehicle treated group, whereas, after treatment with MHR and AHR (30 and 100 mg/kg, p.o.) significantly reversed the increased immobility time observed after treatment with p-CPA in TST and FST \[[Table 4](#T4){ref-type="table"}\].

###### 

Effect of p-CPA pre-treatment on anti-depressant activity of *H. rosa-sinensis*

![](IJPharm-44-454-g004)

Discussion {#sec1-4}
==========

Tail suspension test represents the behavioral despair model, claimed to reproduce a condition similar to human depression. Remarkably, TST detects the anti-immobility effects of a wide array of antidepressants, including tricyclic antidepressants (TCA), selective serotonin reuptake inhibitors (SSRI), monoamine oxidase inhibitors (MAOI), electro-convulsive shock (ECS) and even atypical antidepressants.\[[@ref24]\]

The immobility displayed by rodents when subjected to unavoidable stress such as forced swimming is thought to reflect a state of despair or lowered mood, which are thought to reflect depressive disorders in humans which is reduced by treatment with antidepressant drugs.\[[@ref20][@ref25]\]

The monoamine theory of depression proposes that "depression is due to a deficiency in one or another of three monoamines, namely serotonin, noradrenaline and or/dopamine".\[[@ref26]\] In support to monoamine hypothesis, Haloperidol (classical D~2~-dopamine receptor antagonist) pre-treated group exhibited significant increase in duration of immobility which was reduced by treatment with MHR and AHR, suggesting involvement of dopamine in antidepressant-like activity of MHR and AHR.

Prazosin(an α~1~-adrenoceptor antagonist) also may act in CNS to suppress sympathetic outflow.\[[@ref27]\] Porsolt *et al*. in 1977\[[@ref21]\] proposed behavioral model of FST for the screening of new antidepressant compounds. In agreement with this information, in the present study, effect of MHR and AHR was investigated for Prazosin (62.5 *μ*g/kg, i.p.) pre-treatment. Prazosin pre-treatment exhibited significant increase in duration of immobility in FST and TST which was reduced by treatment with MHR and AHR, suggesting involvement of adrenaline in antidepressant-like activity of MHR and AHR.

p-CPA inhibits synthesis of serotonin by inhibiting selectively and irreversibly enzyme tryptophan hydroxylase. Serotonin depletion is one of the factor for development of depression. p-CPA (100 mg/kg, i.p., × 3 consecutive days) treatment exhibited significant increase in duration of immobility which was blocked by treatment with MHR and AHR.

Recently, several studies have suggested the antidepressant effect of quercetin glycosides such as hyperoside, isoquercitrin and rutin using the positive results of FST.\[[@ref13][@ref14][@ref28]\] Previous studies on *H. rosa-sinensis* revealed presence of quercetin and cyanidin flavonoids\[[@ref12]\] which was confirmed by UV, IR studies. It was reported that, anthocyanin and their aglycones (anthocyanidins) are characterized by two absorption bands, one in the UV region (275-280 nm) and the other in the visible region (475-560 nm) and cyanidin group shows absorbance maxima at 535 nm.\[[@ref29]\] Results from previous workers\[[@ref30]\] also showed that cyanidin absorbs at 280 nm and 530 nm which is in accordance with the spectroscopic analysis in this study. The IR spectrum of *H. rosa sinensis* flowers showed characteristic absorption bands at 3421 (OH) and 1710 (C=O) cm^-1^.\[[@ref8]\]

Thus, the activity of *H.rosa-sinensis* extract may probably involve one of the mechanisms as described above.

Conclusion {#sec1-5}
==========

The finding of the present investigation suggests that antidepressant-like effect of *H. rosa-sinensis* is mediated through dopaminergic, adrenergic and serotonergic mechanisms. In our further study, we will try to explore selective mechanism of action of *H. rosa-sinensis* flowers responsible for antidepressant-like activity.
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